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基因 cel5，得到的重组菌株的比酶活为 1.471 U/mL。为提高其活性，本文利用易
错 PCR 技术对其进行随机突变，通过 CMC 平板筛选，得到了三株酶活更高的菌
株，对这三株菌以及另外两株酶活不变或降低的菌株进行测序分析，得出 Cel5
上 12 号（G12D），23 号（N23T），214 号（K214Q），140 号（N140D），170
号（N170D）氨基酸突变点存在纤维素酶酶活的关键位点。 
二、因张以恒教授发现 Cel5 上 446 号、454 号氨基酸 K 到 E 的突变对于其酶
活具有促进作用，所以本文采用了两种定点突变的方法进行测试，但都没有得到















基酸的突变，但是基因长度比原来多了 13 个氨基酸。 
三、因催化域（catalytic domain, CD）和纤维素结合域（cellulose binding module, 
CBM）是影响纤维素酶酶活的两大关键，本文将 cel5 的核心催化域 CD1 和里氏
木霉纤维素酶基因 EG5、CBH1 的纤维素结合域 CBM1、CBM2 进行了拼接，在
pET28a 中的构建得到的重组菌的重组蛋白不够明显，换用 pET32a 后大大改善，
重组菌株酶活最高的达到 1.692 U/mL，比原来酶活有所提高但不明显。 
四、为了解决需要破碎细胞提取纤维素酶的问题，本研究采用 E7 大肠杆菌
素操纵子内的 lysis 基因，成功构建在 pET28a 和 pET32a 中五种纤维素酶 cel5，
CD1，E1，CD3，KPEG 和 Lysis 裂解模块的共表达回路的十株重组菌。对在阿拉
伯糖诱导下的重组菌的生长曲线的测定、一维蛋白电泳的分析和酶活的测定显示，
pET28a-Bac-cel5-lysis, pET28a-Bac-CD1-lysis, pET28a-KPEG-nosp-lysis 中的 Lysis
模块能够很好的作用，达成细胞裂解与同步释放重组纤维素酶的目的。分析比较
十株菌的差异，发现重组表达的纤维素酶蛋白的等电点特性对于 Lysis 的裂解释




















Energy shortage and environmental pollution are two of main challenges to 
human being in sustainable development in China and the whole world. With the 
increase of population and the sustainable development of modern industrial process, a 
limited non-renewable fossil fuels such as coal has been unable to support the huge 
demand for energy in the world. To developing the new, clean, environmental 
protection and sustainable alternative energy become the main solutions to the two 
challenges. Using the biomass which is widely existed in the nature as precursor, 
through certain transformation and utilization, could transform solar energy into fuel 
and harvest chemicals. Those biorefinery theory has been widely accepted and studed. 
Lignocelluloses are the most abundant resources in the earth. To convert this kind of 
cellulose to sugar by cellulases and then fermentated to fuel is the crucial technology 
for bioenergy and biorefinery. 
Escherichia coli (E. coli) has been widely used as the expressing system of 
recombinant proteins in genetic engineering with its following advantages: a 
well-studied genetic background, simple cultivation conditions, fast growth, low cost 
and easy for scaling-up. Using this expressing system to express exogenous cellulases 
become an important means for large-scale in ductrial production. However, there are 
two shortages: one is the low activity of cellulase producted by E. coli and the other is 
the limited ability of secreting macromolecules of E. coli, which need to break the cell 
and collect the enzyme. Those process will increase the cost and reduce the enzyme 
activity. In order to solve the problems, our studies have focusing on increased the 
original activity and spontaneously released the enzyme. The major results are shown 
as follows: 
(1). This study used E. coli to express cellulase gene cel5 from Bacillus subtilis 
DB168, the specific activity of recombinant cellulase was 1.471 U/mL. The random 















mutant strains were screened by CMC plate and three strains with higher activity were 
selected. From the sequencing of three positive strains and other two strains, the results 
showed the direct mutagenesis points on G12D, B23T, K214Q, N140D, N170D amino 
acids exist the key sites on Cel5 activity. 
(2). Professor Y.H.P. Zhang has reported the mutation of K446E and K454E 
could improve the enzyme activity of Cel5 from B. subtilis. We have done some efforts 
to achieve the mutation on Cel5, but no satisfactory results obtained. Only one strain 
showed the K446E amino acid mutated, but it had an extra 13 amino acids sequence 
inserted. 
(3). Because catalytic domain (CD) and cellulose binding modular (CBM) are two 
critical points affecting cellulase activity, we devoted to self-assembly of the CD1 
from cel5 and most effective CBM1, CBM2 from gene EG5, CBH1 of Trichoderma 
reesei.  The cellulase in plasmid pET28a did not show obvious expression through 
SDS-PAGE analysis. When changed to construct the genes in plasmid pET32a, the 
CMCase reached 1.692 U/mL, which is higher than that of the original gene. 
(4). In order to solve the problem to harvest cellulases through cumbersome 
process, fusion of lysis gene, i.e., E7 colicin to five callulases (cel5, CD1, E1, CD3, 
KPEG) have constructed in pET28a and pET32a, respectively. The cell growth, 
SDS-PAGE analysis and enzyme activity of all recombinant strains further induced by 
L(+)-arabinose. As a result, the lysis module in pET28a-Bac-cel5-lysis, 
pET28a-Bac-CD1-lysis and pET28a-KPEG-nosp-lysis worked successfully and cell 
lysis to realease cellulases spontaneously. Comparing the difference between the three 
successful strains and other strains, lysis gene E7 colicin functioned well only when the 
isoelectric point of the recombinant protein is higher than 6.65. As a conclusion, the 
higher the isoelectric point is, the better lysis effect the strain has. 
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费总量达到了 5.86 x 1019 J，居世界第二位[1]。随着我国经济不断的发展，必然导
致能源生产的巨大压力，有研究预测，到 2020 年我国石油资源将趋于枯竭，而能











































































图 1.1 生物质能转化及利用示意图 
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